Background. The risks of major cardiac events in patients initiating long-term dialysis related to prior coronary disease and various other factors are not well known. Methods. We used United States Renal Data System data to analyse the outcomes of non-fatal myocardial infarction (MI) and cardiac death in incident dialysis patients from years 1997 through 2001 (n = 214 890). The presence of established coronary artery disease was determined from the Medical Evidence form, non-fatal MI events were determined from Medicare claims' data and cause of death was determined from the Death Notification form. Multivariable analyses were performed employing Cox proportional hazards models using demographics, co-morbidities, laboratory variables, prior erythropoietin use, body mass index and type of dialysis. Results. In patients with prior coronary disease as compared to those without, the adjusted relative risk of non-fatal MI was 1.57 (95% CI, 1.5-1.65) and cardiac death was 1.16 (95% CI, 1.14-1.18). The 5-year cumulative incidence of non-fatal MI was 8.1 and 6% and cardiac death was 48.3 and 40.2%, in patients with and without prior coronary disease, respectively. Amongst important factors, blacks had a lower risk of non-fatal MI and cardiac death as compared to whites. A history of hypertension conferred a lower independent risk of cardiac death events. Lower haemoglobin, higher albumin and higher creatinine values each conferred a lower independent risk of non-fatal MI and cardiac death. Conclusions. Incident dialysis subjects with prior coronary disease have a risk of non-fatal MI greater by 57% and cardiac death by 16% as compared to subjects without prior coronary disease. In both populations, the competing risk of cardiac death is several-fold greater than that of non-fatal MI. There are several factors suggesting reverse epidemiology phenomena with respect to major cardiac events in the dialysis population.
Introduction
Poor survival of patients with end-stage renal disease (ESRD) on dialysis continues to be a major problem. In the United States, mortality rates in subjects on long-term dialysis have stubbornly exceeded 20% per year for more than a decade and cardiac causes consistently account for >40% of the deaths [1, 2] . In this population, the mortality due to ischaemic heart disease is several-fold greater than the general population [3] . Incident dialysis subjects have a dismal survival rate after acute myocardial infarction (AMI) with a 1-year survival of only ∼41% and 2-year survival only 27% [4] . There is an urgent need to implement strategies to reduce these high death rates.
However, the risks of major cardiac events related to prior coronary disease and various other factors present at the time of initiation of long-term dialysis are not well understood. It is also necessary to understand the competing risks of fatal and non-fatal events in these groups of subjects, an issue with implications for targeting investigation and therapeutic interventions. We examined data in a large cohort of patients initiating dialysis therapy and analysed the outcomes of non-fatal MI and cardiac death.
Methods
We used the United States Renal Data System (USRDS) and identified incident Medicare dialysis patients in the years 1997-2001 who survived at least 90 days after the onset of ESRD, and who did and did not have prior coronary disease. The 90-day rule for outcome analysis using USRDS data is well accepted [5] and is based on difficulties of examining data from the first 3 months of ESRD service, which is an unstable time for new patients as renal providers try to determine the best treatment modalities. Furthermore, in-centre dialysis patients younger than 65 and who are not disabled cannot bill Medicare, the primary payer for the majority of dialysis patients until Day 90 after the first ESRD service date. Prior history of coronary disease was determined from the Medical Evidence Form (Form 2728) that is required to be filled for every patient initiating dialysis therapy and contains a variety of medical and demographic data. By Risk factors for non-fatal myocardial infarction and cardiac death 259 regulation, the patient's attending physician is responsible for the information on the form, attested thus by his or her signature. If the form indicated that the patient had a diagnosis of ischaemic heart disease/coronary artery disease (CAD) or MI, then the patient satisfied the definition of coronary disease.
Non-fatal AMI events were determined from claims' data based on an admission related to ICD-9-CM diagnosis codes 410, 410.x0 or 410.x1 as the principal or secondary diagnosis codes followed by discharge from the hospital alive. Cardiac death data were obtained from the Death Notification Form (Form 2746) that is required for every death amongst this population and lists the primary and secondary causes of death. Death coded as any of the following was defined as cardiac death: myocardial infarction, acute, atherosclerotic heart disease, cardiomyopathy, pericarditis (including cardiac tamponade), cardiac arrhythmia, cardiac arrest (cause unknown), valvular heart disease and pulmonary oedema due to exogenous fluid.
Follow-up was from Day 90 of ESRD onset to the earliest of transplant, loss-to-follow-up, end of Medicare as primary payer status, 5 years after study start date or 31 December 2002. The end-points were non-fatal AMI and cardiac death events. Cardiac aetiologies as primary and secondary causes of death were considered. 
Statistical methods
Adjusted risk of events was determined using proportional hazards models adjusting for age, gender, race, ethnicity, tobacco use, substance abuse, serum albumin, haematocrit, creatinine, prior erythropoietin (EPO) use, body mass index, type of dialysis and co-morbid conditions listed on the Medical Evidence form.
A Cox proportional hazards model was used to evaluate which of the covariates were associated with the outcomes of interest. For each factor, we examined the proportional hazards assumption using a time-dependent covariate model and found no evidence of nonproportionality [6] . The functional form of the continuous covariates was examined using martingale residual plots [6] , which suggested that age and body mass index were best explained using a continuous covariate technique. Continuous laboratory variables (haematocrit, serum albumin and serum creatinine) were examined as continuous covariates, and in order to identify potential thresholds, dichotomized into two or three groups based on the maximum likelihood approach [7] . A series of models were built using a backward stepwise regression technique. We included only those factors that had a difference in relative risk of events by >10% (<0.91 or >1.1) in the final model. The rationale for the latter was to include factors that had a clinical significance and not simply statistical significance. All models a priori included the main factor of prior coronary heart disease. A 5% significance level was used for including factors into the final model. End-points were summarized using cumulative incidence functions, and estimates of survival using the Kaplan-Meier estimator were used to describe the composite outcomes of non-fatal MI or cardiac death [6] . The analysis was carried out using SAS R statistical software version 9.1.1 (SAS Institute Inc., Cary, NC, USA).
Results
There were 214 980 subjects, 27.4% of whom had documented coronary disease prior to the initiation of dialysis therapy. The population consisted of 53.6% males, majority whites (63.9%), with a median age of 65 years (range 0-113 years). There were marked differences in the characteristics of incident dialysis subjects with and without prior coronary disease. Subjects with prior coronary disease were older, a greater proportion of males, a greater proportion of whites, and had higher haematocrit and lower serum creatinine values. The patient characteristics are shown in Table 1 . From Years 1 through 5, the cumulative incidence of non-fatal MI, cardiac death as the primary cause and cardiac death as any (primary or secondary) cause was greater in subjects with documented coronary disease at the initiation of dialysis. Across all years, the cumulative incidence of cardiac death (either primary or any cause) as the first event was several-fold higher (about five to seven times) as opposed to non-fatal MI both in subjects with and without coronary disease ( Figure 1A ). For instance, the 5-year cumulative incidence of non-fatal MI was 8.1 and 6% and that of cardiac death was 48.3 and 40.2%, in patients with and without prior coronary disease, respectively. Kaplan-Meier event-free survival curves are shown in Figure 1B . Table 2 depicts the risks of non-fatal MI and cardiac death events independently related to prior coronary disease and other significant factors considering continuous variables as continuous covariates. Prior coronary disease was associated with an increased risk of non-fatal MI by 57%, cardiac death as primary cause by 16% and cardiac death as either the primary or secondary cause by 18%.
Each year of age at the initiation of dialysis conferred an increased risk of cardiac death by ∼2.8%. Likewise male gender was associated with a significantly increased risk of cardiac death but not non-fatal MI. As compared to whites, blacks had a decreased risk of all events. Diabetic status conferred an increased relative risk of all outcomes. However, a history of hypertension was associated with a lower risk of cardiac death. Table 3 shows the independent association of laboratory variables with non-fatal MI and cardiac death events. Higher haematocrit at the initiation of dialysis was associated with an increased risk of non-fatal MI and cardiac death. The relationship was seen for all outcomes when examined as a continuous covariate. When statistically dichotomized into groups of two (>28% versus ≤28%) or three (≤22%, 23-25% and ≥26%), there appeared to be a lower threshold value for the outcomes of non-fatal MI and cardiac death as any cause (Figure 2 and Figure 3 , panel A). In these instances the risks became statistically significant for haematocrit values ≥26%. No such threshold was observed for cardiac death as the primary cause. In all instances the trend favoured lower risk with lower haematocrit.
Higher albumin at the initiation of dialysis was associated with a lower adjusted risk of non-fatal MI and cardiac death events. For outcomes that included any cardiac death event, the relationship was seen consistently, whether analysed as a continuous covariate or in two (>3.7 g/dL versus ≤3.7 g/dL) or three groups (≤3.2 g/dL, 3.3-3.6 g/dL and ≥3.7 g/dL), without any evident threshold value. There appeared to be a threshold value related to the risk of non-fatal MI, the risk being lower for albumin ≥3.7 g/dL (Figure 2 and Figure 3, panel B) .
Higher creatinine at the initiation of dialysis was associated with a lower risk of all non-fatal MI and cardiac death events, the relationship being consistent whether analysed as a continuous covariate, or in two (>6.5 mg/dL versus ≤6.5 mg/dL) or three (≤6.5 g/dL, 6.6-10.4 mg/dL and ≥10.5 mg/dL) groupings. No threshold value was evident for any of the outcomes (Figure 2 and Figure 3 , panel C).
Discussion
Patients initiating dialysis therapy with prior diagnosed coronary disease (CAD) have a risk of non-fatal MI greater by 57% and a risk of cardiac death greater by 14% as compared to subjects without documented coronary disease. There is a need to study coronary disease management strategies in this population that might reduce the high event rates. Further, the analyses showed that the cumulative incidence of cardiac death was several-fold greater than the incidence of non-fatal MI ( Figure 1A) . The striking differences between the competing risks of cardiac death and non-fatal MI were consistent, evident even in patients without prior coronary disease, and through all the years of analysis. While this does raise the issue of over-classification of death attributed to a cardiac aetiology, in clinical trials with adjudication committees, cardiac death rates in this population have been shown to be as high as 38% over a period of <4 years [8] . Such a pattern is reverse as compared to the non-renal failure subjects in whom non-fatal events greatly exceed fatal events [9, 10] and possibly explains the lack of significant improvement in cardiac mortality in the dialysis population in spite of several overall advances in ESRD therapy. There is quite a small window of opportunity to intervene and little scope for secondary prevention in patients without known coronary disease since the first event is more likely to be death. Clinical studies are necessary, aimed at reduction of cardiac death events.
Several important risk factors were identified that independently impact the risk of non-fatal MI and cardiac death in patients with ESRD initiating dialysis therapy.
African Americans had a lower risk of non-fatal MI and cardiac death. This pattern of risk is similar to better survival of minorities on dialysis reported in prior studies [11] [12] [13] . Though one smaller study found that these differences were mitigated, and though the trend persisted, when adjusting for patient-level factors the weight of evidence suggests better mortality outcomes in minorities, particularly African Americans [14, 15] . Whether these outcomes are due to survivor bias or other factors needs investigation. Understanding why minorities have better outcomes, or a pattern of factors that lead to the same, might help to improve overall outcomes of ESRD subjects.
As might be expected, diabetic status was related to a higher risk of all outcomes. However, a history of hypertension was associated with a lower risk of cardiac death. The latter results are consistent with a pattern of reverse epidemiology related to hypertension and survival that has been previously reported in haemodialysis subjects [16] . While there is no question regarding hypertension as a cardiovascular risk factor in the general population, hypertension in patients on dialysis is a complex and controversial issue, and the optimum goals of therapy are poorly understood [17] [18] [19] [20] . There is clearly a need to study indepth the appropriate approach to hypertension in dialysis subjects.
Higher haematocrit values at the initiation of dialysis were independently associated with an increased risk of serious cardiac events. Our results are in contrast with other studies that showed that higher haematocrit (or haemoglobin) values at least up to 36% (or 12 g/dL) were associated with lower risk of cardiac death in haemodialysis subjects [21] [22] [23] . The reasons for these perplexing differences are not clear but could be due to factors such as smaller sample sizes, shorter duration of follow-up, differences in the definition of cardiac death or differences in statistical modelling in previous studies. The definition of what constituted cardiac death was not expounded in these studies and cardiac aetiology as a secondary cause of death was not considered. In prior studies, the grouping of haematocrit values (or haemoglobin) to compare with each other was apparently based on intuition or in order to test existing goals while the present study used statistical methodology for discretization [6] . Findings similar to ours relating higher haemoglobin concentration at the initiation of dialysis with a greater risk of cardiac events were observed in a small prospective study (n = 169) of Japanese haemodialysis subjects [24] . Recently, considerable controversy has erupted regarding haemoglobin targets in chronic kidney disease due to adverse outcomes in trials involving erythropoiesis-stimulating agents in trial arms that targeted better haemoglobin values [25] [26] [27] . It appears that there is a need for further studies to explore the optimum haemoglobin target in chronic kidney disease that strikes a favourable balance between survival outcomes, potential benefit of EPO use, quality of life and freedom from transfusions.
Another important finding was the lower risk of major cardiac events associated with better albumin values at the initiation of dialysis. The association of low albumin values and poor overall survival is well known [28] [29] [30] . In chronic kidney disease subjects, low albumin is not necessarily of nutritional aetiology and may be related to inflammation [31] . A recent prospective study in under-nourished haemodialysis subjects that compared oral versus parenteral nutritional supplementation depicted that improvement in serum albumin was achievable regardless of the inflammatory state as measured by C-reactive protein [32] . An important observational finding that emerged from the study was that improvement in nutritional status was associated with improved survival. Since the albumin values at the initiation of dialysis reflect the pre-dialytic therapy, there is a need to investigate whether nutritional intervention in the late pre-dialytic stage of chronic kidney disease leads to better outcomes.
Higher creatinine values at the initiation of dialysis were strongly associated with a lower risk of serious cardiac events. Better survival of dialysis subjects with higher creatinine, another reverse epidemiology pattern, has been described before and could be a reflection of better muscle mass [33, 34] . On the other hand, in the fully adjusted model we did not find any meaningful association of body mass index and cardiac events regarding which a reverse epidemiology pattern has been described before [35] .
Other findings of the analyses are somewhat expected, such as higher risk of cardiac death in subjects with peripheral vascular disease, prior history of cardiac dysrhythmia and those with a history of illicit drug abuse.
There are limitations of the present study. Even though such observational studies offer the opportunity to study large numbers of unselected subjects over an extended period of time, a feature that would be unfeasible in clinical trials, they cannot be considered practice changing, relationships observed cannot be concluded as being casual and findings warrant confirmation by randomized trials. Furthermore, silent MIs were not captured by our analysis and no data were available regarding the use of cardio-protective medications. The analysis of laboratory parameters is limited due to lack of availability of repeated measurements. In addition, there could be parameters that are either unmeasured or not part of reporting that impact the outcomes of interest, such as C-reactive protein, lipids and bone mineral parameters. Lastly, validity of results from analysis of registry data depends on accurate reporting, such as on the Medical Evidence Form. In a small sample of ESRD subjects, it was found that the sensitivity of reporting comorbidity was not high though specificity was high, a factor that could lead to a bias towards the null [36] . The percent of subjects with pre-existing coronary disease in our study is similar to rates reported in incident ESRD subjects over the last several years indicating that reporting rates in these regards were consistent with historic rates [37] .
To summarize, incident dialysis subjects with prior coronary disease have a significantly increased risk of non-fatal MI and cardiac death as compared to subjects without coronary disease. Even in patients without prior coronary disease, the competing risk of cardiac death is far greater than that of non-fatal MI. In subjects initiating dialysis, a pattern of reverse epidemiology is evident with respect to a history of hypertension and cardiac death. In this population, higher haematocrit, lower albumin and lower creatinine values at the initiation of dialysis are independent risk factors for non-fatal MI and cardiac death events.
